Purpose: The need for education programs to facilitate the integration of genetics into health practice is well recognized. The inclusion of education as an aspect of genetics policy and the establishment of national bodies for genetics education extend program development beyond ad hoc programs conducted by individual practitioners.
The need for a genetically literate health workforce is now widely accepted. [1] [2] [3] [4] The development of such a workforce requires recognition by the health professional group that education is necessary, definition of the knowledge and skills required for competency, development and implementation of education programs, and evaluation to determine whether the education strategy has had the desired outcomes.
The first two of these steps have been widely addressed. It has long been recognized that health professionals' knowledge of genetics is limited, and this seems to remain the case. [5] [6] [7] [8] Learning needs assessments involving family physicians/general practitioners (GPs), 9 nursing professionals, 10 and specialist trainees 11 indicate that these professionals recognize that their skills are not sufficient and identify areas to be addressed by education programs. In parallel, competencies in genetics for health professionals have been developed 12, 13 and inform the curricula of education programs for undergraduates, postgraduate trainees, and practitioners.
Meeting the education needs of professionals already in practice remains a challenge. This is the realm of Continuing Professional Development (CPD) or Continuing Medical Education. We use the acronym CPD in this article because it is particularly apt for genetics, in which the focus is not solely medical care but also psychosocial issues. Although there is a large body of literature stating the need for education of GPs and assessing attitudes, needs, and current practice of GPs, a search* of the available published literature suggests relatively few programs are described that aim to improve the genetic literacy of practicing health professionals 14 -22 ; only one of these is specifically for GPs. 19, 20 Rarely is the theoretic framework underlying a program and its evaluation made explicit. There is considerably more activity in the development of webbased, CD-ROM, and print resources than the peer-reviewed literature would indicate, 23, 24 and genetic specialists commonly provide education as an adjunct to their clinical or laboratory work. However, although it is not possible to judge the quality of these approaches, there is little reason to suppose that they have a more stringent theoretic basis to education and evaluation than published programs.
Burton and Zimmern 25 highlight the crucial role of education in genetics policy and describe initiatives to strengthen education in the United Kingdom and Europe. Although the development of small ad hoc education programs is likely to remain a component of many genetic specialists' workload, the increasing emphasis on evidence-based delivery means that expectations of funded programs will, and should, be greater. Policy makers will require value for money and evidence that programs have met tangible, measurable outcomes. A framework to develop programs underpinned by evidence-based educational theory and incorporating meticulous evaluation is required. Here, we provide a theoretic approach that can be applied to the development and evaluation of any genetics education activity. We illustrate the use of this framework in the development of a multifaceted education program in genetics for GPs ("The Genetics File") and a strategy to evaluate this program. The results of the evaluation will be reported separately.
A THEORETIC APPROACH
Different aspects of the delivery of genetics education-educational approach, program development, and evaluationdraw on distinct and extensive bodies of theory. It is beyond the scope of this article to summarize each of these areas. Instead, we present a useful and versatile theoretic framework (program logic 26 ) for the overall development of a program. A broader overview of evaluation theory is provided, because a single program may require several different phases of evaluation. We begin with a discussion of adult learning theory, which underpins the educational component.
Adult learning theory
The design of CPD programs has progressed considerably beyond the assumption (common before the 1970s) that transmission of research findings alone is sufficient to influence a change in GP behavior. That approach exemplifies traditional education methods, which are characterized by teacher-centeredness, a focus on content and students adopting a passive role. 27 Drawn from "constructivism," adult learning theory (andragogy) proposes that "as people mature their self concept moves from dependence toward self-direction, an accumulating body of experience serves as a resource for their learning. . . they seek knowledge for immediate application in solving problems." 28 This description is obviously applicable to health professionals, who are skilled, experienced learners with complex and unique learning needs and whose work requires a commitment to continuous relearning for immediate application. 29 This is an aspect of "lifelong learning" and may occur incidentally through experience or as the result of a planned activity.
For a planned education program (e.g., a CPD activity) to be effective, learners bring or develop skills that enable them to learn. The program must provide conditions that are responsive to the learners and enable them to learn best. These are in essence two sides of the same coin and relate to the overlapping principles of adult learning summarized by Brookfield 30 and Knowles: 31 (1) Learning is self-directed, and adults should recognize a need for learning (intrinsic motivation) and be involved in the planning and evaluation of their instruction; (2) experience (including mistakes) provides a resource for learning; (3) adults are most interested in topics that are relevant to their work, with learning involving critical reflection and reflective practice in their own work or life context; and (4) adult learning is problem-centered rather than content-oriented, with learners redeveloping personal learning strategies. These principles provide a basis for education program development. This implies that an effective program will involve the learner in planning the program; focus as much on the learning process as the content being taught; use a range of teaching strategies, particularly methods that are experiential, interactive, and encourage the learner to reflect on past experience; build their new learning into conceptual frameworks; and consider the future applicability of the new skills or information. The conditions for learning and skills required by adult learners are discussed more fully by Hinchcliff. 32 Program logic modeling A program logic model is a tool to assist with "program design, program planning, and program evaluation." 26 Simply, it is a theory of how a program should work. 33 It identifies the program goals and describes the components of the program, including how the short-and long-term outcomes will be achieved 26 and the assumptions made about the relationship between the activities and the benefits the program is expected to produce. 34 Consequently, the strengths and weaknesses of a program, including unfounded assumptions, may be identified. A program logic, then, forms the basis not only of program design but also assists in the development of hypotheses that may be tested and informs the development of an evaluation strategy. This is elaborated on later in the Evaluation Theory and Strategy section. Of course, the use of program logic models is not limited to education programs. They have been used extensively (e.g., in health and social programs) and are well suited to the development and evaluation of new programs in genetics, be they clinical or educational.
There are many different ways to portray a program logic model, for example, in linear, matrix, table, or narrative form. 26, 35 To build a model for a new program, those closely associated with the design and implementation of the program define the need or problem the program is to address. A "hierarchy of outcomes" may then be used to define the activities or program to be conducted, its outputs, and expected outcomes. A generic example of a hierarchy of outcomes for an education program is given in Figure 1 . Alternatively, this could be documented as a series of testable hypotheses, for example, if the health professional participates in the education program, then he/she will have an increased awareness of the relevance of genetics.
A basic program logic model can be expanded to include all the action steps necessary to produce the outputs, resources, and relationships required and the external factors influencing the success of the program. Program logic models are often simplistic in the beginning and are elaborated as the program is developed and conducted. For a comprehensive discussion and presentation of complete program logic models, we recommend Wholey et al. 35 and Funnell. 26 
EVALUATION THEORY AND STRATEGY
Evaluation is a familiar term: We constantly "evaluate" or judge the value of objects, events, or courses of action. These evaluations are usually informal, and the outcome-a judgment-is commonly given without describing the process by which it was reached or what comparisons have been made. In the context of evidence-based practice, evaluation refers to a more precise and complex process. Systematic evaluation requires the planned activity (i.e., education program) to be clearly delineated with expected, measurable outcomes; the purpose of the evaluation to be stated; the criteria by which the program is to be judged to be defined before the operation of the program; and the collection and analysis of empiric data to determine whether these criteria have been met. 36 Although most of the genetics education programs described previously incorporate an element of evaluation, [15] [16] [17] [18] [19] [20] [21] [22] few seem to have taken the rigorous, systematic approach described above.
Because the hypotheses in the program logic model are testable, 26 the model naturally lends itself to the development of an evaluation strategy and the application of scientific methods. The model describes assumptions that may need to be tested, intended activities that may need to be validated, and impacts that must be measured. As the life cycle of a program moves through the phases of development, implementation, and decline/replacement/reinvigoration, 37 evaluation should occur as a central activity to determine the success (or otherwise) of that phase and to inform subsequent developments. Each phase, then, should be subject to a distinct evaluation process with different evaluation questions and methods. Therefore, there are corresponding stages in an evaluation cycle, for example, formative, process, and summative/outcome. Formative evaluation can comprise identification of the problem (e.g., by needs assessment) and/or assessment of the program design (the program logic) and its activity and piloting. Process evaluation is conducted while the program is operating and aims to verify that the program is running as intended and may result in incremental change during operation. Summative or outcome evaluation investigates the short-term, intermediate, or long-term effect of the program. Each of these requires the aims of the program to be clearly elucidated, and, in the case of summative evaluation, outcome measures related to the program aim must have been specified at the outset.
Determining the desired outcomes may not be as straightforward. Programs and evaluations may have multiple stakeholders, such as the educators, the funding bodies, and the target group's professional association. Each of these may have different priorities or views of what constitutes a successful program or evaluation.
It is worth noting the difference between evaluation and quality assessment activities: the latter involves gathering data relating to the continuing quality of an established program rather than determination of the value of the program. Evaluation is also distinct from assessment, which ascertains an individual's performance within the program.
THEORY IN PRACTICE: THE GENETICS FILE
"The Genetics File" is a CPD education program that has the long-term aim of improving GPs' management of families with, or at risk of, inherited conditions and demonstrates the practical application of the theoretic approach described above. The generic program logic presented in Figure 1 is used as a guide as we describe the way theory has informed different phases of the program and the lessons that have been learned. 
Awareness and assessment of need
Consistent with adult learning theory, which suggests that adults must feel a need for education, be involved in its planning and evaluation, and learn best when the topic is directly relevant or of immediate value, the first steps of the program were to determine whether GPs in Victoria recognized a need for greater genetic literacy and to identify the education needs and preferences of this group. This work has been published and will not be reiterated in detail here. 8, 9 In summary, GPs identified the following areas as priorities for education: talking with families about genetics, familial cancers, hemochromatosis, adult-onset neurologic conditions, testing during pregnancy, Down syndrome, thalassemia disorders, fragile X syndrome, and cystic fibrosis. The education strategy favored by the participating GPs was "enduring" materials in print, Internet, or CD-ROM formats. These results of the needs assessment informed the program development.
Program development
The strategy adopted for development of the program, comprising both a written resource and workshop, is provided in Figure 2 . This is in effect an elaboration of the "Program Development" phase of the program logic. At all points throughout this phase, as well as the previous and subsequent ones, a multidisciplinary approach was adopted with the involvement of individual GPs and GP professional bodies, as well as other stakeholders (Table 1) . We believe this approach greatly strengthened the program because each group had a different perspective on the way the program aims could be achieved, causing vigorous discussion and resulting in a multifaceted, comprehensive but concise, pertinent, and user-friendly program. Again, involvement of the learner in program development adheres to adult learning theory.
In keeping with GP preferences, an enduring resource (the Resource Manual) was initially developed. The chapters of the manual were those identified in the needs assessment as priorities for the GPs, with the addition of one chapter on newborn screening at the request of one of the government funders, who was about to roll out a modified newborn screening program. GPs requested that genetic information be accessible on an "as-needed" basis and emphasized the need for it to be clear and concise. Thus, the design and content of the resource manual were intended to promote easy, sporadic access. Within each chapter, there are key points that are repeated and expanded in the background information section (see Appendix 1). Patient information sheets were also requested by those piloting the resource manual. A partnership was established with the Victorian Department of Human Services center responsible for public information (www.bettherhealthchannel.vic.gov.au), resulting in the updating of existing public information and development by this group of new information sheets that were then included at the end of each chapter.
The literature regarding the positive effect of enduring materials on changing practice is inconclusive. 38 Therefore, an additional interactive component was developed to maximize the use of the resource manual: a workshop with the primary aim of familiarizing GPs with the manual. A secondary goal was to educate GPs at the workshops about genetics, specifically prenatal genetic testing, thalassemia, and hemochromatosis. † With the principles in mind of critical reflection, problem-centered and experiential learning underlying andragogy, workshops were designed around three scenarios (see Appendix 2). Questions were provided with directions to the relevant sections of the resource manual. Participants discussed the answers initially in small groups, and then key issues were raised by participants or the facilitators in large group discussion. This format allowed participating GPs to contribute their expertise and learn from others and develop familiarity with the manual.
Program delivery
The resource manual was made available, free and on request, to all 1900 General Practices in Victoria, with approximately 1220 GPs from at least 800 different practices requesting a copy. This strategy was adopted on the advice of GPs and †Cancer Genetics Workshops were conducted as part of a separate program organized through the Cancer Council Victoria. GP educators, who suggested that GPs would expect the manual to be free but, because they are inundated with free advertising material, may not recognize or value an unsolicited education resource. This also served to keep costs manageable. Consistent with the needs assessment, the manual was made available in all three of the preferred modes of delivery (CD-ROM, web-based, printed). The manual is presented in a format that allows additional information or updates to be included.
Despite documented interest by GPs in attending genetic education activities, 39 the reality of delivering GP education programs is that attendance is often disappointing (GP Divisions, personal communication, 2003). In general, attendance at metropolitan workshops was higher than at rural/nonmetropolitan workshops, with an average of 22 attendees at the former compared with 17 at the latter. The involvement of regionally based GP Divisions, who are responsible for regional GP education activities, greatly facilitated attendance, with the highest numbers achieved when the program was held on a night routinely dedicated to CPD activities and when the regional division education officer was enthusiastic about the program and actively promoted it with division members. We could reliably anticipate that approximately one quarter of those who had registered for the program in advance would fail to attend, although this was improved by phone or fax contact with the registrants' practice on the day before the program.
Evenings with less than six registrants were canceled. This was a difficult decision because they were always in underserved rural areas where the practitioners had high workloads and large distances to travel; however, the cost of the program could not be justified for this small number.
The ideal number of attendees was found to be between 20 and 30 GPs, which provided a range of views and experiences but was not too large to facilitate. It was notable that issues raised by GPs were different at each workshop and that the contrast between metropolitan and nonmetropolitan services was particularly stark, reflecting geographic service provision issues. In this regard, as well as many others, the GP cofacilitators (often local) proved useful and provided input and a degree of credibility that genetic specialists alone would not have achieved. It was particularly satisfying that some workshop participants offered to be involved and facilitated some subsequent workshops.
Evaluation strategy
In accordance with evaluation theory, the program was subject to formal evaluation at each phase of its life cycle. The phases, evaluation questions, and success criteria are documented in Table 2 . As part of the formative stage, a needs assessment was conducted and the program (early chapters of the resource manual and the entire workshop) was piloted. While the program was being conducted, feedback was obtained from workshop participants on the workshop and the resource. Pilot data were assessed, and the content of the workshop was modified where knowledge items scored poorly. The use of three lead facilitators ensured consistency as they debriefed together after each program and modified the facilitator's guide to include questions arising or to provide additional guidance. The program also underwent summative evaluation. The most rigorous way to determine the impact of the resource manual would have been to conduct a randomized control trial; however, the funding bodies' priority was that the resource be made available to all GPs as soon as feasible. A randomized control trial was therefore not possible, and a pragmatic pretest/posttest design was instead adopted, a strategy commonly used in action research. Validated measures were used to assess knowledge, attitudes, and theoretic behavior before the workshop and at 1 and 6 months after attendance. Data on use of the resource by workshop attendees were also collected at the 6-month time-point and compared with feedback data from GPs who had only received the resource without attending a workshop. The results of this evaluation support the effectiveness of the application of adult learning theory in health professional education.
CONCLUSIONS
Educational strategies are just one method of influencing clinical behavior. 40 Nonetheless, they are a potentially important component of implementation of genomic and genetic medicine. Stein 41 describes four elements essential for any effective learning program: identified learning needs of the specified audience, clear goals and objectives, relevant learning methods, and a systematic effort to evaluate. The theoretic approach presented in this article encompasses these elements and draws on three distinct theories: program logic modeling, adult learning theory, and evaluation theory. The resulting framework can be applied to the development and implementation of genetics education programs. The utility of the framework has been demonstrated in the development, delivery, and evaluation of "The Genetics File" education program for GPs.
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